We present a general nonperturbative formalism and an eScient and accurate numerical technique for the study of the angular distributions and partial widths for multiphoton above-threshold detachment in two-color fields. The procedure is based on an extension of our recent paper [D. A. Telnov and S.-I Chu, Phys. Rev. A 50, 4099 (1994) 
I. INTRODUCTION Recent experiments on above-threshold ionization with two-color laser fields [1] [3] . The rate is increased for all relative phase 5 values, being the greatest for 6=0. However, for 6=m.
and the harmonic field much weaker than the fundamental one (10 times in intensity and below) the rate in fact becomes significantly less than that for the fundamental field alone. Further, the relative phase dependence of the total rates is more pronounced for the frequency ratio 1:3 than for 1:2 [4] and 2:3 [5] since all the pathways leading to a continuum states with the same energy interfere in the 1:3 case whereas a considerable pattern of uninterfering pathways exists for the other cases due to parity or energy restrictions [5] . The oscillatory ionization probability dependence on the relative phase with the maximum at 5 =0 and minimum at 5 = m was also reported by Pont , Proulx, and Shakeshaft [6] [7 -9] , doubly excited states far above the ionization threshold can be safely ignored for moderately strong laser fields. These simplifying features render the multiphoton detachment of H a unique and fundamental process to study. In our previous paper [13] we presented a theoretical study on the angular distribution and partial widths for multiphoton above-threshold detachment of H . Here we extend the approach of Ref. [13] to the case of the two-color field. The H ion is described by an accurate one-electron model recently constructed [11] to reproduce both the exact experimental binding energy [14] [16] . A complex-scaling generalized pseudospectral (CSGPS) technique [12, 17] is introduced to discretize and facilitate the solution of the timeindependent non-Hermitian Floquet Hamiltonian [18, 19] for the complex quasienergies and eigenfunctions. Then the electron energy and angular distributions are calculated using the reverse complex-scaling method developed in Ref. [13] . The motivations and outline of this paper are described as follows. First, we extend our recent nonperturbative study [13] [21] one can look for the wave function %(r, t) in the following form:
/J(r, t)= y q (r)exp[ -i(m, co, t+m, c02t)] .
m&, m2
The function P(r, t) satisfies the following equation:
where E is the two-mode quasienergy, and P(r, (12) Indeed, using the expression (11) in Eq. (12) and separating the time harmonics we obtain again the set of equations (9) for the Fourier components P (r). To obtain the general expressions for the electron distributions after two-color detachment we need to perform a chain of transformations of Eq. (12) . First, Eq. (12) accounts for the external field in the length gauge. We need to convert it into the velocity gauge with the help of the following transformation:
The equation for the function gz(r, t "tz ) is
-(2coz) Fzcos(2coztz+25) "s Q -(2r, t, , tz), (14) with the quasienergy for the velocity gauge c, defined as
Then the terms due to the external field in the right-hand side of Eq. (14) can be eliminated by the following transformation of the wave function:
where the new coordinate R is de6ned as
The equation for the wave function pf(R, t"tz) does not contain the interaction with the external field, but the atomic potential becomes time dependent:
Note that the time derivatives in Eq. (18) are taken for the fixed R, and the kinetic energy operator acts on the variable R.
With the help of the quasienergy Green function analogous to that in the one-time theory (see, e.g. , Ref. [20] ), Eq. (18) is converted into the integral form suitable for further calculations:
IR -R'I X W(jR'+b, (t', )+b,(t, ')~)P)(R', t', , t, ') .
one can see from Eq. (9) , the dependence of g (r 
Using the Fourier expansion (24) we can obtain another expression for the amplitude A": (r)= g &2l+1$ &(r)P&(cos8) .
1=0 (31)
It is that form of the wave function which was used in the previous calculations of the wave functions by the CSGPS method [see [13] ;the series (31) is truncated to an appropriate value l,"of the angular momentum]. Then the integrations over the angles 8 and y (in the spherical coordinate system with the polar axis along the field direction) can be performed analytically, giving the following expression for the photodetachment amplitude A" instead of (30):
Here j&(x) is the spherical Bessel function, k" is the projection of the electron drift momentum on the field direction, and II " is defined as with k"being the projection of the electron drift momentum on the plane perpendicular to the field direction. The expression (32) is suitable for practical calculations since it contains just two integrations, and the integration over~can be performed elf'ectively using fast Fourier transform routines for all the numbers of absorbed photons n at the same time. [13] .
The partial and total rates for two-color detachment are presented in Table I for the harmonic field intensity I~=10 W/cm and in Table II Fig. 4 for the nine-photon abovethreshold peak in the energy spectrum.
for the detachment since the corresponding rates for the one-color detachment are much less than that for the two-color detachment. However, for the parameters used in the calculations the detachment regime is neither pure tunneling nor multiphoton but intermediate, so both pictures can be applied to some extent. for the nine-photon abovethreshold peak in the energy spectrum. [ Fig. 1(B) ] one can see even the second maximum in the energy spectrum corresponding to absorption of n =10
photons. In the latter case (5=m) the spectrum is the broadest while the total rate is the smallest.
For the fundamental field intensity IL =10' W/cm and the harmonic field intensity IH=10 W/cm (Fig. 2) , the behavior of the energy spectra is similar to that for the intensity IH=10 W/cm: the narrowest envelope appears for 5 = 0 [ Fig. 2(A) ], the broadest one for 5 = n [ Fig. 2(B) ]. However, in contrast to the case of the stronger harmonic field, the energy spectrum for 5=m [ Fig. 2(B) ] is decreasing monotonously, it has just one maximum corresponding to the first (eight-photon) peak. 
